infection is a leading cause of death among newborns in developed countries. Data on the burden of GBS in Asian countries are lacking. This study aimed to understand (i) the rate of maternal rectovaginal GBS carriage, (ii) the rate of vertical transmission of GBS, as determined by culturing ear, umbilicus, and nasal swabs, and (iii) the distribution of GBS serotypes. This prospective observational study was conducted between September 2012 and November 2013 at Kumudini Women's Medical College Hospital, a secondary-level hospital in Mirzapur, Bangladesh. The study enrolled pregnant women who visited the outpatient clinic for antenatal care (ANC) and/or delivered a child in the inpatient department of Kumudini Women's Medical College Hospital and the babies born to those mothers. Among 1,151 enrolled pregnant women, 172 (15% [95% confidence interval [CI], 13 to 17%]) carried GBS; among 68 babies born to mothers with carriage, 26 (38% [95% CI, 27 to 51%]) had GBS on their body surfaces, indicating vertical transmission. Typing of the isolates (n ϭ 172) identified all 10 GBS serotypes, most commonly types Ia (40% [69/172 isolates]), V (23% [40/172 isolates]), II (14% [24/172 isolates]), and III (12% [20/172 isolates]). This study shows that Bangladesh has all of the ingredients for invasive GBS disease, including colonization of mothers by invasive serotypes and vertical transmission to babies.
However, neither of those studies included newborns during the first hours of life, when they are most vulnerable to GBS sepsis.
To advance knowledge regarding the importance of neonatal GBS in Bangladesh, we hypothesized the following: (i) most Bangladeshi pregnant women do not carry GBS; (ii) if they do carry GBS, then the rate of transmission of GBS to their babies is low; (iii) if they do transmit GBS, then the serotypes are not invasive types. In this study, we aimed to test these hypotheses and to proceed to a conclusion through their sequential rejection, by examining (i) the maternal GBS carriage rate, (ii) the magnitude of GBS transmission from mother to baby, and (iii) the distribution of GBS serotypes.
RESULTS
A total of 1,151 pregnant women (420 at the antenatal care [ANC] clinic and 731 at the delivery room) were enrolled in the maternal colonization study ( Fig. 1 and Table  1 ). The overall GBS carriage rate among them was 15% (95% confidence interval [CI], 13% to 17%) (172/1,151 women); GBS was isolated from both vaginal and rectal swabs for 5% (57/1,151 women), from rectal swabs for 2% (26/1,151 women), and from vaginal swabs alone for 8% (89/1,151 women) ( Table 2 ). The gestational ages (mean Ϯ standard deviation) of the mothers enrolled at the ANC clinic and the delivery room were 34.6 Ϯ 3.0 weeks (median, 34.0 weeks) and 38.5 Ϯ 2.2 weeks (median, 39.0 weeks), respectively. GBS carriage rates were similar among the pregnant women enrolled at the ANC clinic (15.0% [63/420 women]) and the delivery room (14.9% [109/731 women]). Mother-newborn dyads (n ϭ 409) for enrolled pregnant women who had normal vaginal deliveries at Kumudini Women's Medical College Hospital (KWMCH) were selected for the vertical transmission cohort. Among those dyads, 19 pairs were excluded due to stillbirth (n ϭ 5) or wiping of the newborn prior to specimen collection (n ϭ 14), leaving 390 mother-newborn pairs for estimation of the rate of vertical transmission. GBS was isolated from 17% of the mothers (68/390 mothers) and 7% of the babies (29/390 babies). The rate of vertical transmission of GBS was 38% (95% CI, 27 to 51%) (26/68 mothers). Among colonized newborns, the highest yield was from ear swabs (83% [24/29 babies]), followed by the nose (59% [17/29 babies]) and the umbilicus (48% [14/29 babies]) ( Table 3 ). GBS could not be isolated from 3 mothers whose babies were positive for GBS.
All isolates from mothers (n ϭ 172, including the carriage group and the vertical The serotypes of isolates from the mother-baby dyads were invariably identical (Fig. 2) . The three isolates from infants whose mothers' rectovaginal swabs did not yield any GBS were types Ia (n ϭ 2) and III (n ϭ 1).
DISCUSSION
The study showed that 15% of pregnant women in the Mirzapur subdistrict of Bangladesh carried GBS, which was notably higher than reports of maternal colonization rates of 8% in China (13) and 7.7% from our previous study in urban Bangladesh (14) . A recent meta-analysis also reported a lower prevalence of rectovaginal GBS colonization in Southeast Asia (11.1%), although the prevalence varied widely in India (2% to 16%) (15) (16) (17) (18) (19) . However, this rate of maternal carriage was lower than those in sub-Saharan Africa (21% to 22%) (15, 20, 21) , North America and South America (19.7% to 24%) (15, 22) , and Europe (19%) (15) .
The higher prevalence of GBS carriage in this study, compared to our previous study, may be due to differences in the study populations; the prior study was conducted in an urban population, and the current study was conducted in a rural population. It is unclear why the urban population would have a lower colonization rate; however, similar differences between urban and rural populations were found in Zimbabwe (20) . GBS was isolated from the body surface of 7% of newborns. In three cases, the organism was isolated from newborns but not from their mothers. We assume that these cases represented vertical transmission, since collection of specimens immediately after birth, without any further handling and/or wiping of the newborns, makes the acquisition of GBS from other sources unlikely. We calculated a vertical transmission rate of 38% (26/68 women) among women who were colonized. This rate of transmission is lower than those reported in other countries (ϳ50%) with high prevalence rates of maternal GBS carriage and invasive disease in newborns (23, 24) .
The present study reveals some similarities and some differences in the GBS serotype distribution in this population, compared to other reports. The leading serotypes in this population, i.e., types Ia, V, and II, are also among the top 5 global serotypes (9) . However, type III, which has high invasive potential and is the global leader in causing invasive disease (9) , ranked fourth among colonized mothers. In a separate study at a different location (Sylhet) in rural Bangladesh, serotype VII was most prevalent (25), whereas it ranked 6th in this population; serotype VII has also been reported in Thailand and Kuwait (22) . The differences in serotype distributions between Mirzapur and Sylhet and in carriage rates between Dhaka and Mirzapur could be due to difference in the geographic regions and the demographic characteristics of the populations. These differences suggest that a more comprehensive understanding of GBS dynamics in Bangladesh is needed and perhaps could be developed through a well-coordinated multisite study.
This study has a number of limitations. It was based in a single hospital in rural Bangladesh and enrolled a relatively small number of pregnant women, we did not add rectal swabs from the babies for the vertical transmission subcohort, which might have led to higher rates of isolation of GBS from the babies' body surface, and we did not include active surveillance for invasive diseases and thus could not elucidate the invasive potential of the isolates in our population. Determination of invasive potential would be important to address the debate regarding invasive GBS disease in this population. The potential of particular serotypes to invade may vary based on the specific clone (sequence type). For example, serotype V, which was the second most common type in our series, had low invasive potential in African countries (4% to 6%) (8, 26) but high invasive potential in the United States (28%) and England (13%) (27, 28) . Furthermore, the study sample size was not adequate to evaluate the proportion of newborns who went on to develop GBS disease.
Despite these limitations, this is the first study of its kind in Bangladesh to show maternal carriage, vertical transmission, and the serotype distribution of GBS. This study thus shows that Bangladesh has all of the ingredients for invasive GBS disease. At this point, we need to understand better the local factors leading to low levels of detection of invasive GBS disease in this population. It would be prudent to plan now for a larger multisite study with additional components, including follow-up monitoring for invasive GBS disease, assays for anti-GBS antibodies in mothers' blood and newborns' cord blood, and sequence typing of isolates, and a vaccine probe study, to better understand the burden of invasive GBS disease. and the nearby areas. Twenty-one percent of the deliveries that occur in the DSS area take place at this facility, whereas 37% occur at other government hospitals and private clinics (DSS, unpublished data).
Normal (uncomplicated) vaginal deliveries at KWMCH are conducted for an average fee of $1.50, which includes costs for the bed, food, physician consultations, and nursing services. On average, the obstetric department of KWMCH conducts 2,500 deliveries per year (2012 to 2013), 47% by cesarean section. The country has no intrapartum antibiotic prophylaxis (IAP) policy, and IAP is not practiced at KWMCH.
Study eligibility criteria. (i) Rectovaginal carriage. Separate collection of vaginal and rectal swab specimens and isolation of GBS from those specimens were performed to measure the carriage rate among the mothers. Pregnant women were included in the study at gestational ages of Ն30 weeks, if they were either attending the outpatient department for antenatal care (ANC) check-ups or coming directly for delivery without ANC, were not enrolled in another study, and, gave verbal informed consent. Pregnant women with antibiotic administration in the previous 2 weeks were excluded from the study.
(ii) Vertical transmission. Vertical transmission was measured based on the isolation of GBS from infants immediately after birth. Newborns of enrolled mothers who had normal vaginal deliveries at KWMCH were included in this subcohort. Babies who were wiped at birth or bathed before the collection of swabs or whose mother was not swabbed were excluded from the study.
Specimen collection. Separate lower vaginal and rectal swabs were collected from eligible women with rayon-tipped swabs. For assessment of vertical transmission, separate swabs were collected from the ear, nose, and umbilicus of each newborn of enrolled mothers, immediately after delivery.
Specimen processing. All swabs were placed in Amies transport medium at 4°C and sent to the hospital microbiology laboratory within Ͻ1 h, and processing at the laboratory was completed within the next 2 h. Specimens were processed using procedures described elsewhere (30) . In brief, swabs were inoculated onto 5% sheep blood agar and also into Todd-Hewitt broth (2 ml) supplemented with gentamicin (8 g/ml) and nalidixic acid (15 g/ml), and the samples were incubated at 37°C for 18 h. An aliquot of 10 l of Todd-Hewitt broth was subsequently inoculated onto 5% sheep blood agar plates. The plates were observed 24 h after inoculation; if there was no suspected growth of GBS, then they were reincubated for an additional 24 h. Suspected GBS colonies were subjected to CAMP testing (31) . The results for the CAMP-test-positive isolates were confirmed with the latex agglutination test (LAT) (Oxoid, Basingstoke, Hants, UK) (32) . Confirmed GBS isolates were stored at Ϫ70°C in medium containing skim milk, tryptone, glucose, and glycerol until they were transported to the department of microbiology at Dhaka Shishu Hospital for serotyping.
Capsular typing of GBS isolates. Serotyping of GBS isolates was performed by LAT using GBS type-specific antisera against Ia, Ib, and II to IX capsular antigens (Statens Serum Institute, SSI, Denmark), following the method described by Slotved et al. (33) . GBS strains of types Ia (strain 2008232728), Ib (strain 2008232580), II (strain 2008232738), III (strain 2008232579), IV (strain 2011201884), V (strain 2008232731), VI (strain 2010230042), VII (strain 4832-06), and VIII (strain 5030-08) were used as serotypespecific controls (kindly provided by the Centers for Disease Control and Prevention, Atlanta, GA). All GBS isolates, including strains that were not typeable by LAT, were subjected to PCR following the method described by Poyart et al. (34) . In brief, DNA was extracted using the QIAamp DNA minikit (Qiagen, Hilden, Germany), according to the manufacturer's instructions, and was subjected to PCR for the GBS dltS gene. Serotyping by LAT and PCR methods showed 100% concordance. Data analysis. Data were analyzed using STATA 13.1 (StataCorp LP, College Station, TX) to estimate rates (with 95% CIs) of maternal colonization and vertical transmission.
Ethical standards. This study was reviewed and approved by the institutional review board of the Bangladesh Institute of Child Health (Dhaka, Bangladesh). Verbal informed consent was obtained from pregnant women for their participation and their newborn's participation in the study.
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